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The greatest total gain of the 
number of trees and the area of 
forest was made in China and 
the US. Indonesia and Brazil lost 
the most, while in India forest 
coverage is now stable. The 
Chinese have embarked on a 
major tree-planting programme in 
the north-west, in an effort to halt 
the desertification in this region, 
but it will be some time before it is 
possible to assess the success of 
these programmes.
The first author of the new 
study, Pekka Kauppi at the 
University of Helsinki, published 
in the Proceedings of the National 
Academy of Sciences, said the 
findings offered hope that forestry 
loss worldwide may be reversed 
within a few years. “An increasing 
number of countries and regions 
are reversing deforestation, raising 
hopes for a turning point for the 
world as a whole”, the authors 
said.
“Amid widespread concerns 
about deforestation, growing 
stock has in fact expanded over 
the past 15 years in 22 of the 
world’s 50 countries with the most 
forest. An increasing number 
of countries show gains”, the 
authors say.
The study was carried out by six 
academics and non-governmental 
forestry experts from four 
countries.
The improvements in tree 
density are thought by the team 
to be the result of better forest 
management and advances in 
agriculture, which have enabled 
farmers to produce more food per 
hectare, thereby reducing their 
need to encroach on wooded 
areas. “This great reversal in 
land use could stop the styling 
of a ‘Skinhead Earth’ and begin a 
great restoration of the landscape 
by 2050, expanding the global 
forest by 10 per cent — about 
300 million hectares, the area of 
India, said Jesse Ausubel, the 
director of the programme for the 
human environment at Rockefeller 
University, and one of the authors.
Pekka Kauppi said: “Without 
depopulation or impoverishment, 
increasing numbers of countries 
are experiencing transitions in 
forest area and density. While 
complacency would be misplaced, 
our insights provide grounds for 
optimism about the prospects for 
returning forests.”
Data from the middle of the last 
century are at best sketchy, but 
where available they appear to 
support Kauppi’s hypothesis.
French forestry records dating 
back to the Middle Ages show an 
arboreal renaissance, apparently 
unaffected by population 
increases. By 1800 forest cover in 
France had fallen to less than one 
third of the level three centuries 
before. After industrialisation, 
however, the trend suddenly 
reversed. Forest cover has risen 
steadily since. Kauppi explained: 
“The main obstacles to forest 
transition are fast-growing, poor 
populations who burn wood to 
cook, sell it for quick cash, and 
clear forests for crops.”
And in these regions it appears 
the need for legislation, and the 
means to enforce it, is paramount 
if illegal logging and forest 
clearing is to be controlled.
One success story has recently 
been reported from Brazil. The 
once thriving south-west Amazon 
town of Castelo dos Sonhos is 
now almost deserted according 
to recent reports. The town grew 
up on the back of illegal logging 
and saw a constant throughput of 
gangs and lorries in and out of the 
forest.
But the government cracked 
down after a local American nun, 
Dorothy Stang, was killed last 
year as a result of her vehement 
opposition to illegal logging in the 
region. The government has now 
created two vast conservation 
areas in the region and declared 
a freeze on logging in an area 
of 8 million hectares including 
Castelo dos Sonhos.
But the Brazilian government 
is now faced with the problem of 
what to do with the population 
that was dependent on the 
logging operations in the face of 
little alternative work in the region.
While a degree of affluence 
may take the pressure off forest 
resources in other countries, 
poorer populations in the tropics 
are still likely to see forests as a 
resource of first call, and efforts 
to redress that are likely to prove 
every bit as hard as Brazil’s efforts 
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Natural selection is usually 
thought of as a process that 
involves differences in fitnesses 
between individuals within 
populations, leading to increased 
levels of adaptation as a result 
of increases in the frequencies 
of the fitter genotypes. The 
fundamental process of adaptive 
evolution, as enshrined in the 
classical models of population 
genetics of the 1920s and 1930s, 
is the change in allele frequencies 
caused by such selection. As 
pointed out by J.B.S. Haldane 
in his 1932 book The Causes of 
Evolution, however, selective 
changes in allele frequencies can 
also occur among the gametes 
produced by an individual. He 
gave the example of departures 
among pollen grains from the 
expected 1:1 Mendelian ratio for 
a pair of alleles, because of the 
differing viabilities or competitive 
abilities of the haploid genotypes 
of male gametophytes which 
had been described by plant 
geneticists. Haldane inferred that 
selection at this level could have 
inimical consequences for the 
fitnesses of individuals, writing 
that: 
A gene which greatly 
accelerates pollen tube growth 
will spread through a species 
even if it causes moderately 
disadvantageous changes in the 
adult plant. 
A few years later, another 
example of a conflict between 
different selective forces was 
produced by Daniel Lewis, 
who showed that a maternally 
transmitted, organelle genome 
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in an hermaphrodite plant could 
spread within a population if 
it conferred a slight fitness 
advantage, as the fitness of 
males is irrelevant to genes 
transmitted solely through 
females, in contrast to nuclear 
genes.
The idea that selection acts 
in different ways on genetic 
elements with different modes of 
transmission, or that influence 
fitness at different levels of 
biological organisation, is thus 
an old-established one. Several 
further decades of discoveries in 
genetics, cytology and molecular 
biology have greatly added 
to the evidence that this is an 
all- pervasive feature of biological systems. Many components of 
the genome are now known to 
be present because of selective 
advantages to themselves, not 
to the individuals that carry 
them. Genes in Conflict is the 
first book to review all aspects 
of this topic in depth, although 
prokaryotes are specifically 
excluded (curiously, Haldane is 
not mentioned either). At just 
over 600 pages, it is a weighty 
and impressive work, and will 
undoubtedly serve as the major 
source of reference for years to 
come.
The subjects covered 
include the classic autosomal 
segregation distorter systems 
(SD of Drosophila melanogaster, 
and the t-haplotypes of the house mouse), systems of 
drive associated with sex 
chromosomes that cause 
distorted sex ratios, genomic 
imprinting, ‘selfish’ mitochondria, 
homing endonuclease genes, 
transposable elements, 
distorted segregation in female 
meiosis, supernumerary 
(B) chromosomes, genomic 
exclusion and chromosome 
diminution in somatic cells. Burt 
and Trivers provide detailed 
accounts of these, and many 
other, phenomena. Few, if 
any, biologists have expert 
knowledge on all of these fields, 
and many of the facts that they 
describe were unknown to me. 
I have certainly learnt a lot 
about systems of which I was 
ignorant or only dimly aware. 
For the topics where I do know 
something, the level of accuracy 
is very high.
One of the big problems in 
communicating biology is the 
sheer diversity of biological 
phenomena, and the tendency 
of researchers to become 
enchanted with the wonders that 
they have uncovered, rather than 
to try to fit them into a general 
conceptual framework. How 
successful is Genes in Conflict 
at overcoming this problem? The 
first chapter succinctly lays out 
the basic factual and theoretical 
framework of the subject, 
describing the three major ways 
in which selfish genetic elements 
can acquire a transmission 
advantage, even at the expense 
of reducing the fitness of host 
individuals. These are catalogued 
in detail in later chapters. 
The first category is composed 
of what has been called 
‘ultra- selfish’ genetic elements: 
an ultra-selfish genetic element 
arises from a variant that, when 
present in the heterozygous 
state, causes destruction or 
dysfunction of the gametes 
that carry its allelic alternative, 
thereby violating Mendel’s 
law of segregation — meiotic 
drive — and ensuring increased 
representation among the 
surviving gametes. This 
is exemplified by the SD, 
t-haplotype and sex-ratio 
distorter chromosomes, most 
of which are kept polymorphic 
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harmful fitness effects of 
homozygous distorters. This 
behaviour will, however, only 
confer an overall increase in the 
frequency of the ‘driving’ factor 
in the next generation if the loss 
in fertility to the heterozygotes 
is less than proportional to the 
number of gametes that are lost. 
This feature of drive probably 
explains why, in animals, 
segregation distortion of this 
kind is confined to males, as 
the loss of some fraction of a 
male’s sperm may have only a 
small effect on his fertility, unless 
sperm competition is intense. 
Engineering such systems 
presents quite a problem, 
however, because genes are not 
expressed in sperm, and so the 
action has to take place before 
spermatogenesis, resulting in loss 
of function of the sperm carrying 
the victim of drive. The cellular 
mechanisms by which this is 
achieved are laid out by Burt 
and Trivers in the chapters on 
distorter systems, although the 
detailed genetics and molecular 
biology of most of them, other 
than SD and (to a lesser extent) t, 
remain to be uncovered. 
The second type of system 
involves simple over-replication 
of elements within the genomes 
of germ cells. With sexual (but 
not asexual) reproduction, this 
allows members of a family 
of elements to spread into 
the genomes of all individuals 
in the population. The most 
abundant systems of this kind 
are, of course, the transposable 
elements, famously discovered 
by Barbara McClintock in maize 
by cytogenetic experiments, but 
whose near-universal presence as 
a more or less major component 
of the genome only became 
apparent with the rise of DNA 
technology. 
In their lengthy chapter on 
transposable elements, Burt 
and Trivers rightly come down 
heavily on the side of the 
hypothesis that these are indeed 
a kind of intragenomic parasite, 
with most new insertions of 
elements having adverse effects 
on host fitness. In laboratory 
experiments on the fruitfly 
Drosophila melanogaster, where small population sizes effectively 
remove selection pressures 
against deleterious insertions, 
transposable elements increase 
in abundance. The maintenance 
of transposable elements in the 
genome is thus a consequence 
of their ability to replicate within 
the hosting genome. While 
there is an increasing number 
of examples known where 
insertions play a useful functional 
role for the host, this cannot 
be the reason why elements of 
a given class are maintained 
as multiple copies, scattered 
throughout the genome, and 
often in different locations in 
different individuals.
The third type of system is 
when an element causes the 
chromosome on which it is 
carried to disjoin or misreplicate 
in such a way that it either ends 
up in the egg nucleus rather than 
the pole cells at meiosis, or has 
more copies in the germ cells 
than were present in the zygote. 
The heterochromatic knobs 
of some maize chromosomes, 
which are currently under intense 
molecular genetic investigation, 
are a classic example of the first 
phenomenon. B chromosomes, 
which are abundant in species of 
both animals and plants, exhibit 
both types of behaviour. In the 
best-investigated cases, there 
is evidence that the spread of B 
chromosomes as a result of their 
replicative prowess is balanced 
by the reduction in fitness 
caused by increased numbers of 
copies.
This vast array of information 
is synthesised clearly and well by 
Burt and Trivers. My only serious 
complaint is that the book is 
light on the theory underlying the 
interpretations that are offered. 
The language is often surprisingly 
anthropomorphic. For example, 
page 1 starts with the statement:
The genes in an organism 
sometimes “disagree” over what 
should happen. That is, they 
appear to have opposing effects. 
In animals, for example, some 
genes may want (or act as if they 
want) a male to produce lots of 
healthy sperm, but other genes 
in the same male want half the 
sperm to be defective.Many other remarks of this kind 
are scattered through the book. 
Those trained in evolutionary 
biology will know what they 
mean, of course, but I presume 
that Burt and Trivers are aiming 
at a wider audience. Genes or 
genetic elements do not “want” 
anything: evolution is a purely 
mechanistic process of shifts 
in the frequencies of genetic 
variants of one kind or another. 
This lack of a theoretical 
framework seems to me to be 
a pity. As John Maynard Smith 
used to say, most of evolutionary 
biology can be understood 
without the use of detailed 
population genetics models. 
To evolve a better beak, all that 
is needed are the appropriate 
ecological conditions (to provide 
the selection pressure), and 
additive genetic variance for 
the traits involved (to allow the 
population to respond). But the 
take-home message from this 
book is that the outcome of 
evolution for many components 
of the genome is dependent on 
the rules of genetic transmission 
that they obey; these rules can be 
formulated as population genetic 
equations, which describe what 
will happen under a given set of 
assumptions. 
Burt and Trivers, of course, 
know this very well, but avoid 
descriptions of mathematical 
models, conveying the impression 
that the requisite theory can 
be done largely by intuition. A 
good deal of their arguments 
are based (à la Hamilton) on the 
use of relatedness coefficients, 
yet there is no explanation 
of the logic of kin selection 
theory for those unfamiliar with 
it. No doubt equations do not 
help to sell books on biology, 
but they are at the core of the 
understanding of much of the 
science described here. Despite 
these strictures, Genes in Conflict 
is an outstanding contribution to 
the literature on evolution, and 
can be read profitably by all kinds 
of biologists.
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